tween the loss of urine output and LVH, diastolic dysfunction, and PAD (χ 2 = 7.4, p = 0.007; χ 2 = 14.3, p = 0.001; χ 2 = 4.2, p = 0.03, respectively), although the association with CAD and systolic dysfunction was found to be nonsignificant. The patients without RRF had significantly higher MCP-1, and the urine volume was inversely associated with MCP-1 (r = -465, p = 0.03). In the built adjusted model, the elevated MCP-1 was found to be a significant predictor for the loss of RRF. Conclusion: The loss of RRF was significantly associated with LVH, diastolic dysfunction, and PAD in HDF patients. The increased MCP-1, affected by the lack of urine, may act as an additional underlying factor on this relationship, reflecting a progressive inflammation/oxidative stress condition.
cretion, better control of secondary hyperparathyroidism, improved nutritional markers, and better endogenous vitamin D and erythropoietin production [3] . Therefore, RRF preservation contributes considerably to the improvement of quality of life, cardiovascular protection, and even better survival in this patient population [4] .
Previous studies have reported the impact of RRF on patient outcomes in peritoneal dialysis (PD), even though most patients with end-stage renal disease worldwide are treated with hemodialysis (HD) [5, 6] . However, few studies examined the role of RRF on outcomes in HD patients, due mainly to difficulties with accurate interdialytic urine collection from HD patients. Moreover, a faster decline in RRF is noticed in thrice weekly conventional HD compared with PD, which is attributable to common intradialytic hypotension and abrupt volume depletion in HD [7] . However, the use of on-line hemodiafiltration (HDF) with high-flux biocompatible membranes and ultrapure water for dialysate may preserve RRF longer, due partly to less sodium removal compared with conventional HD, resulting in less intradialytic hypotension and improved intradialytic cardiovascular stability [8, 9] .
In spite of the advances in HD procedure, mortality remains high in patients undergoing HD compared with the general population due to accelerated atherosclerosis, resulting in a higher risk of cardiovascular death [10] . Atherosclerosis and cardiovascular disease in this patient population are mainly affected by nontraditional risk factors, including persistent low-grade inflammation, metabolic acidosis, volume overload, and comorbidities. The causes of inflammation are multifactorial and include imbalance between increased production and decreased removal of pro-inflammatory cytokines, oxidative stress, factors linked to dialysis treatment, and chronic and recurrent infections related to dialysis access [11] .
Monocyte chemoattractant protein-1 (MCP-1), a monomeric polypeptide, is the main representative of chemokines, which are cytokines whose main function is the direction of circulating leukocytes to sites of inflammation. MCP-1, which may be related to the low-grade inflammation in patients undergoing HD, acts as a chemoattractant specific for monocytes and may promote migration of monocytes into the atherosclerotic plaque after their initial adhesion to the endothelium, playing a particular role in the lesions of atherogenesis [12] .
In this study, we considered the association of RRF with cardiovascular morbidity in relation to the potential role of MCP-1 serum concentrations in permanent HDF treatment patients.
Subjects and Methods

Subjects
This was a dual-center observational cross-sectional study of a cohort of 76 patients on permanent dialysis therapy. We enrolled 47 men and 29 women, mean age 62.2 ±15 years, permanently treated with predilution on-line HDF. The median time on HDF treatment was 5 years (interquartile range 3-10 years).
The HDF treatment was prescribed 3 times weekly for 4 h per session in all enrolled subjects. Similar dialysis conditions were applied in all participants, including a dialysis high-flux filter of 1.5 m 2 surface area defined by a ultrafiltration coefficient >20 mL/h [13] and of the same synthetic membrane material. The blood flow was 400 mL/min during HDF sessions and the dialysate flow rate was 500-600 mL/min. The volume of replacement liquids during HDF was 20 L per session and the sodium concentration was 140 mmol/L. A bicarbonate-based ultrapure buffer solution was used, with a final concentration of bicarbonate in dialysate of 32 mmol/L. The used calcium dialysate concentration was 1.50-1.75 mmol/L. Dialysis sufficiency was defined by spKt/V/session (sp, single pool; K, dialyzer clearance; t, time; V, urea distribution volume) [14] . Patients whose calculated spKt/V/session was <1.2 were excluded from the study.
Moreover, we excluded patients younger than 18 years of age at initiation of HD treatment, those with less than 6 months of follow-up, and patients with autoimmune diseases and infections as well as those without regular vascular HD access. We also excluded patients with multiple intradialytic hypotensive episodes, atrial fibrillation, and interdialytic weight gain >5% of total body weight. Interdialytic weight gain was calculated as the mean of 12-13 HDF sessions during a treatment month. The included patients did not have interdialytic peripheral edema or interdialytic orthostatic hypotension.
Patients with a predialysis blood pressure ≥140/90 mm Hg (n = 29, 38.2%) were considered hypertensive and were receiving antihypertensive drugs, including calcium channel blockers, betablockers, or inhibitors of angiotensin II receptors. Only calciumfree phosphate binders were prescribed. None of our patients was receiving statin or NaHCO 3 per os. The total of enrolled subjects were regularly treated with an erythropoietin-α or erythropoietin-β agent in combination with oral trivalent iron (ferric hydroxide polymaltose complex).
Nineteen (25%) of the studied patients were current tobacco smokers. Twenty subjects (26.3%) presented RRF (defined by an interdialytic urine volume >100 mL).
Cardiovascular disease was defined as the prevalence of left ventricular hypertrophy (LVH; n = 46, 60.5%), coronary artery disease (CAD; n = 25, 32.9%), and congestive heart failure (CHF). Coronary syndrome was documented by clinical signs of angina pectoris as well as a history of myocardial infarction and coronary artery angioplasty or bypass surgery. CHF was defined by systolic (n = 22, 28.9%) and diastolic dysfunction (n = 46, 60.5%). Prevalence of peripheral artery disease (PAD; n = 31, 40.8%) was documented by both measurement of ankle-brachial index (ABI) and clinical criteria including reduced or lost ankle pulses on physical examination, intermittent claudication, and a history of past ischemic amputation or limb artery revascularization. The first and the current cardiovascular events during the study were recorded as one event. 
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In our data, the primary renal disease included hypertensive nephrosclerosis (32.9%), chronic glomerulonephritis (28.9%), polycystic disease (11.8%), diabetic nephropathy (9.2%), and other causes (17.1%).
Blood Collection
Before the start of the weekly HDF sessions, blood samples were obtained from the enrolled patients in a 12-h fasting state from the vascular access. Serum was separated and processed for various assays. At the end of the sessions, blood samples was obtained at 2 min postdialysis from the arterial dialysis tubing after reduction of the blood pump speed to <80 ml/min for the calculation of spKt/V/session. The mean of 12-13 calculations of spKt/V during a treatment month was used for statistical analysis.
Laboratory Measurements
Albumin, calcium (Ca) corrected for the albumin levels, phosphate (P), glucose, and the ratio of low-density lipoproteins to high-density lipoproteins were measured by spectrophotometric BP, blood pressure; EF, ejection fraction; HOMA-IR, homeostatic model assessment of insulin resistance; nPCR, normalized protein catabolic rate for dry body mass; RRF, residual renal function; SD, standard deviation. * p < 0.05. technique using Chemistry Analyzer (MINDRAY BS-200; Diamond Diagnostics, USA). The products of Ca × P were calculated. Hematological analyzer (Sysmex, xt-4000i; Roche) was used for hemoglobin measurement.
High-sensitivity C-reactive protein (hsCRP) and MCP-1 serum concentrations were measured using enzyme-linked immunosorbent assay (Immundiagnostik AG, Germany, and Alpco Diagnostics, USA, respectively) according to the manufacturer's specifications.
MCP-1 values were measured in the enrolled subjects and in 24 healthy subjects, who had similar age and body mass index (BMI) to those of the group of patients.
The concentrations of intact parathormone (iPTH) and insulin were measured by radioimmunoassays (CIS bio international, France and BioSource Europe SA, Belgium, respectively).
Insulin resistance was calculated using the homeostatic model assessment of insulin resistance (HOMA-IR) [15] .
The normalized protein catabolic rate for dry body mass was calculated from the urea generation rate [16] . The BMI was obtained from height and postdialysis body weight.
Hemodynamic Measurements
Predialysis peripheral systolic (SBP) and diastolic blood pressure (DBP) were calculated as the mean of 12-13 measurements Monocyte chemoattractant protein-1 (MCP-1) levels in the enrolled patients (n = 76) and in the healthy subjects (n = 24) (p = not significant). Before the midweek HDF session, hemodynamic measurements were performed in the enrolled subjects after resting for at least 10 min. Arterial stiffness was measured as carotid-femoral pulse wave velocity (cfPWV) and carotid augmentation index using the SphygmoCor system ® (AtCor Medical Pty Ltd, Sydney, Australia) according to the manufacturer's specifications. In each subject, two sequences of measurements were performed, and their mean was used for statistical analysis. Pulse pressure (PP) was derived. The ABI was also calculated as the lower values of ankle systolic pressure (pre-or posttibial artery) divided by stabilized arm systolic pressure. ABI values <0.9 were rated as low, indicating PAD, and values >1.4 were rated as high.
Echocardiographic Assessment
Echocardiographic assessment was conducted using a Hewlett Packard SONOS 2500 device with a 2.25-MHz transducer. The patients were examined by two cardiologists with the method of conventional M-mode and two-dimensional echocardiography for LVH estimation, systolic and diastolic cardiac function assessment, and consideration of the ischemic findings according to the recommendations of the American Society of Echocardiography [17] . LVH was defined by a thickness of the interventricular septum >11.5 mm. The systolic function of the left ventricle (LV) was assessed by measurement of the ejection fraction, and systolic dysfunction was defined as an ejection fraction <50%. The diastolic function of the LV was assessed by determination of the maximum velocity of the early (E) and late (A) phase of ventricular filling and the calculation of the E/A ratio (ratio of early to late transmitral flow velocity). Diastolic dysfunction of the LV was defined as an E/A ratio ≤1.
Data Analysis
Data were analyzed using the SPSS 15.0 statistical package for Windows (SPSS Inc., Chicago, IL, USA) and expressed as mean ± standard deviation or as median value ± interquartile range for data that showed skewed distribution. Differences between mean values were assessed by using the unpaired t test for two groups, and data that showed skewed distributions were compared with the Mann-Whitney U test. Correlations between variables were defined by Spearman coefficient and the relationships between categorical variables were defined by χ 2 tests. p values <0.05 were considered significant. We built a model using logistic regression analysis for the factors which might impact on the loss of RRF in our data. We also built a model by linear regression analysis examining the factors which might influence the levels of MCP-1, making a control for multi-collinearity.
Results
In Table 1 , the differences between the groups of patients with preserved RRF (n = 20) and without preserved RRF (n = 56) are shown. The subjects in both groups had similar age, dialysis treatment duration, dialysis sufficiency defined by spKt/V for urea, and interdialytic weight gain. However, the patients without preserved RRF had significantly higher interventricular septum thickness and MCP-1 serum concentrations (Fig. 1 ) and a significantly lower E/A ratio than the patients with preserved RRF. The same group of subjects also had higher insulin levels, HOMA-IR, hsCRP, iPTH, Ca × P products, cfPWV, and PP compared to the group with preserved urine volume.
The difference in MCP-1 levels between patients and healthy subjects was found to be nonsignificant by the Mann-Whitney U test, as MCP-1 values showed skewed distribution (mean rank 52.2 vs. 45.04, p = not significant; . The association between the RRF preservation or not and CAD, systolic cardiac dysfunction, and hypertension was found to be nonsignificant.
The bivariate correlation between urine volume and MCP-1 serum concentration was found to be significantly inverse (r = -465, p = 0.03).
In the built logistic regression analysis model for the risk factors related to the loss of RRF, elevated MCP-1 serum concentration was found to be a significant predictor adjusting for confounders such as age, BMI, smoking, dialysis vintage, and primary renal disease (Table 2 ).
In the built linear regression analysis concerning the prediction of high MCP-1 levels, we observed that loss of urine, current tobacco smoking, and hypertensive nephrosclerosis as primary renal disease were significant risk factors after adjusting for age, Kt/V for urea, and BMI, without the existence of multi-collinearity between these variables (Table 3) . 
Discussion
Previous studies have highlighted the importance of preserving RRF at the initiation of HD therapy. Dialysis is an intermittent method of treatment, whereas native kidney function is continuous [3, 4, 18] .
There are several methods to measure RRF in dialysis patients, such as estimated glomerular filtration rate, residual renal urea clearance, urine volume, and newer biomarkers including serum β2 microglobulin and serum cystatin C [19, 20] . In this study, preservation of RRF was defined as a urine volume >100 mL during the interdialytic interval, similar to another previous study [21] , despite another studies defining RRF as a urine output >200 or >250 mL/day [20, 22] .
Previous prospective studies have strongly documented a lower risk of mortality as a benefit of RRF preservation in dialysis patients [23, 24] . The survival benefit is likely connected to advantages in fluid management, because frequently volume-overloaded HD patients are at high risk of hypertension, LVH, and CHF [25] .
In agreement with this, we noted in this study a significant association between the loss of RRF and LVH, diastolic dysfunction, and PAD manifestation, even though the association with CAD, systolic cardiac dysfunction, and hypertension was found to be nonsignificant.
Features related to cardiovascular disease in this population of patients include inflammation, secondary hyperparathyroidism, and metabolic disorders. Indeed, in this study we observed that the patients without urine output, in combination with a higher prevalence of LVH, diastolic cardiac dysfunction, and PAD manifestation, had also higher iPTH and Ca × P products linked to higher arterial stiffness markers including cfPWV, augmentation index, and PP in a similar dialysis sufficiency and dialysis vintage. Moreover, we noted higher glucose, insulin, HOMA-IR, and hsCRP as well as significantly higher MCP-1 serum concentrations in the group of patients without urine output than in the patients with urine output. We also found a significant inverse association between urine volume and MCP-1 serum concentrations.
During HD modalities, the circulating leukocytes of blood are activated and the production of pro-inflammatory cytokines is elevated due to the activation of complement (C3a, C5a) and anaphylatoxin generation, resulting in stimulation of inflammation, progression of oxidative stress, and metabolic disorders [26, 27] . Furthermore, it has been shown that HD induces phenotypic changes in the expression of adhesion molecules on monocytes, which continues during the interdialytic period and influences the adherence to endothelial cells [28] . However, convective dialysis, such as HDF, may reduce the inflammatory procedure due to the convective removal of medium-molecular-weight uremic toxins and the use of biocompatible dialysis membranes [29] .
Controversial results have been reported for whether the uremic state affects MCP-1 concentrations mainly depending on dialysis membranes. Previous studies observed a significant increase in circulating MCP-1 levels in hemodialyzed patients, treated with either cellulosic or synthetic membranes, compared with control subjects [26, 30] . On the contrary, another study using an in vitro method reported significantly lower spontaneous production of MCP-1 from mononuclear cells of uremic patients on cuprophane treatment compared to healthy subjects and that HD with synthetic membranes normalized MCP-1 release [31] . In the present study enrolling diabetic subjects and in our previous study excluding di- abetic nephropathy and using exclusively synthetic highflux dialysis membranes, the serum concentrations of circulating MCP-1 were similar in patients compared to healthy subjects [32] . Comparable MCP-1 levels have been reported in HD, PD, and predialysis patients, and this finding probably shows that dialysis itself does not significantly affect their elimination [33] . On the other hand, the increase in molecules as MCP-1 is mainly observed in increased oxidative stress conditions and inflammatory diseases [34] . In this study, the enrolled patients were in a good status, excluding the patients with active infections. Furthermore, many factors have been reported to be involved in the elevated MCP-1 levels in these patients, including erythropoietin and parenteral iron treatment due to the stimulation of oxidative stress causing increased MCP-1 production [35, 36] . In this study, the total of enrolled patients was on long-term erythropoietin treatment, and none had received parenteral iron during the last period before the start of the study.
However, in our data we observed that loss of urine output, current smoking, and hypertensive nephrosclerosis as primary renal disease were significant predictors for high MCP-1 serum concentrations adjusting to age, dialysis sufficiency, and BMI. Previously, high urine MCP-1 has been reported in lupus nephritis, macroalbuminuric diabetic nephropathy, and primary glomerulonephritis [37] [38] [39] .
A relationship between tobacco smoking and MCP-1 levels has been also shown. Tobacco smoking leads to the development of endothelial dysfunction, which is characterized by an imbalance between vasodilation and vasoconstriction, a pro-inflammatory phenotype of the endothelial cells, and increased adhesion of monocytes in combination with increased MCP-1 levels [40, 41] . The endothelial dysfunction caused by hypertension may explain our finding that hypertensive nephrosclerosis as primary renal disease was found to be a significant predictor for high MCP-1 levels.
However, although endothelial dysfunction has prognostic value for cardiovascular disease, the association between primary renal disease and events of cardiovascular disease was found to be nonsignificant in our data. We also observed a nonsignificant relationship between primary renal disease and loss of RRF.
Regarding the significant influence of urine loss on the increased MCP-1 levels in our model, it has already been supported that the kidney plays an important role in the catabolism and removal of molecules such as MCP-1. Indeed, we noted in this study lower MCP-1 serum concentrations in our subjects with preserved RRF than in patients without urine output, and an inverse correlation between urine volume and MCP-1 serum concentrations. However, we could hypothesize that, apart from increased MCP-1 catabolism and removal, the preservation of RRF itself may contribute to the reduction of inflammation/ oxidative stress and to an improvement of cellular function, resulting in a reduced production of MCP-1 as an additional benefit of RRF preservation.
On the other hand, it seems that elevated MCP-1 serum values could act as a significant predictor for the loss of RRF in this population of patients, reflecting the stimulation of multiple routes including inflammation, oxidative stress, and metabolism. Such a finding was found in our built adjusted multifactorial model about the prediction of the loss of RRF, including traditional and specific covariates for these patients. The question arises whether the high MCP-1 could be the result of or the cause for the continuous loss of RRF in this population of patients. Even though renal disease itself is definitely considered an inflammatory condition, taking into account the exclusion criteria of this study and the similar levels of MCP-1 in patients and healthy subjects, we could suggest that the elevated MCP-1 serum concentrations may be the result of the lack of RRF rather than the cause for the loss of RRF.
In the meantime, in our previous study excluding diabetic nephropathy, we observed a significant role of MCP-1 serum concentrations on LVH, mainly attributed to the relationship between MCP-1 and sodium retention [32] . Therefore, elevated MCP-1 serum concentrations may be closely connected particularly to LVH, due to their relationship with fluid imbalance including both sodium retention and loss of RRF in HD therapy patients. Vice versa, the liquid imbalance in these patients, defined by both sodium retention and loss of RRF, promotes endothelial dysfunction and progression of inflammation/ oxidative stress, contributing to an increased MCP-1 production resulting in more adverse effects on the cardiovascular system. Indeed, fluid overload is included in promoting the inflammation factors [11] .
However, due to the small number of enrolled patients, we cannot not safely conclude from the findings of this study that the high MCP-1 level affected by the loss of RRF plays a potential role in cardiovascular complications in dialysis patients. Bigger future studies need to clarify such a conclusion.
Conclusion
The loss of RRF was significantly associated with LVH, diastolic cardiac dysfunction, and PAD in HDF patients. The increased MCP-1 serum concentrations affected by urine loss may be an additional underlying pathophysiological factor in this relationship, reflecting a progressive inflammatory and oxidative stress condition due to the lack of RRF.
Limitations
The main limitation of our study is the small number of included subjects. In addition, the proper calculation of LV mass, including left ventricular mass index, was unavailable in this study.
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